growth. Isolation and classification of related strains may therefore help to explain why these organisms grow slowly. We previously conducted a taxonomic study of marine isolates and reported a new genus, Ilumatobacter (Matsumoto et al., 2009) , belonging to the order Acidimicrobiales. More recent evidence indicates that two additional strains of extremely slow growth should also be classified in new taxa. In this paper, we describe the taxonomic characterization and classification of strains T and YM16-304 T , which grew slowly and were classified within the order Acidimicrobiales.
Strains YM16-303
T and YM16-304 T were isolated from a sand sample collected from the seashore at Nonami, Shimane Prefecture, Japan (GPS location 35 u 349 420 N 133 u 059 480 E), in March 2005. The sample (0.5 cm 3 ) was homogenized with a glass rod in 5 ml sterile seawater. The resulting homogenate (50 ml) was inoculated onto medium R (Matsumoto et al., 2009 ) and incubated at 25 u C for 30 days; single isolates were then obtained on marine broth 2216 (Difco) containing 1.5 % agar. The morphological characteristics of the strains were observed by scanning electron microscopy (model JSM-5600; JEOL) after incubation on marine agar 2216 (MA; Difco) and fixation with 4 % osmium tetroxide vapour. The motility of cells was observed by light microscopy after 2 and 4 weeks of culture on MA. Gram-staining was performed using a Gram reagent kit (Nacalai Tesque). The pH (pH 4-10) and temperature (5-50 u C) ranges for growth were determined on MA. General biochemical characteristics were determined using API ZYM and API 20 Strep (bioMérieux).
Biomass for chemotaxonomy was prepared by culturing strain YM16-303 T in MPY (0.5 % peptone, 0.1 % yeast extract in Daigo's artificial seawater SP) for 3 weeks at 23 u C on a rotary shaker at 200 r.p.m.; strain YM16-304 T was cultured on MA for 4-6 weeks at 20 u C. The N-acyl types of muramic acid were determined using the method of Uchida & Aida (1977) . Purified cell wall was obtained using the method of Kawamoto et al. (1981) , and the amino acid composition of hydrolysed cell walls was determined using TLC and liquid chromatography/mass spectrometry (LC/MS) (QSRAR; AB SCIEX) equipped with a HIKIC column (4.66250 mm) eluted with 10 % acetonitrile. The presence of mycolic acids was assayed by TLC as described by Tomiyasu (1982) . Menaquinones were extracted and purified by the method of Collins et al. (1977) and analysed using LC/MS (JMS-T100LP; JEOL) with a PEGASIL ODS column (2650 mm) eluted with methanol/2-propanol (7 : 3). After methyl esters of cellular fatty acids were prepared by direct transmethylation with methanolic hydrochloride, fatty acid analysis was performed according to the procedures for the Sherlock Microbial Identification System (Microbial ID) by using the TSBA40 method.
Chromosomal DNA was isolated using a slight modification of the method described by Saito & Miura (1963) . The DNA base composition was estimated by the HPLC method of Tamaoka & Komagata (1984) . PCR amplification and sequencing of the 16S rRNA gene followed described methods (Matsumoto et al., 2009) . The CLUSTAL W2 program was used for multiple alignments with selected sequences and SeaView version 4.2 (Gouy et al., 2010) was used to calculate evolutionary distances (Kimura, 1980) . The phylogenetic tree was reconstructed based on the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1972) methods. Data were resampled with 1000 bootstrap replications (Felsenstein, 1985) . Sequence similarity was determined by visual comparison and manual calculation. The complete genome sequence of strain YM16-304 T was determined using conventional wholegenome shotgun sequencing method. Full details will be published elsewhere. Plasmid and fosmid clones were endsequenced by using an ABI3730xl DNA analyser. Sequence reads corresponding to 8.1-fold coverage were assembled using Phrap and CONSED assembly tools. Gaps between contigs were closed by sequencing PCR products that bridged neighbouring contigs. Genome DNA of strain YM16-303
T was fragmented using a Covaris acoustic solubilizer S-series. The library was prepared using an Illumina Paired-End DNA sample prep kit and Cluster Generation kit, and 33 550 504 sequence reads of 75 bp from both ends of 300-500 bp inserts were obtained by using an Illumina Genome Analyser IIx. Trimmed reads were assembled using Edena (version 2.1.1) and Velvet (version 0.7.11). The final assembly identified 399 contigs, generating an approximate genome size of 4.2 Mbp. Average nucleotide identity (ANI) values, which detect the conservation of the core genome, were calculated as described by Konstantinidis & Tiedje (2005) and Goris et al. (2007) . An ANI value of 95 % corresponds to 70 % DNA-DNA hybridization, and strains are regarded as belonging to different species if the ANI is lower than 95 %. MUMi, which represents genomic distance based on DNA maximal unique matches shared by two genomes, was calculated using the Mummer (version 3.0) program (Deloger et al., 2009) . MUMi is used to estimate rapidly the distance between closely related bacterial genomes, and detects the level of DNA conservation of the core genome. MUMi values vary from 0 for very similar genomes to 1 for very distant genomes.
Orange colonies of strain YM16-303 T appeared after 2 weeks at 23 u C on MA. The strain did not grow on nutrient agar (NA; Difco), 1/5-diluted NA or 1/5-diluted NA supplemented with 1-5 % NaCl, but did grow in marine broth and MPY. Strain YM16-303 T was aerobic, and cells were short rods, about 0.5-0.660.7-1.0 mm (Fig. 1) , and non-motile. The strain grew at 10-30 u C and pH 6-10. Strain YM16-304 T grew slowly on MA, requiring 1 month of incubation at 20 u C for colonies to appear. However, the time required for visible growth diminished with repeated transfer. Colony colour on MA was orange. No growth occurred on NA, 1/5-diluted NA, R2A agar (Difco) or MPY agar. The strain also did not grow on 1/5-diluted NA supplemented with 1-5 % NaCl. The strain was aerobic. Cells were irregular rods, about 0.4-0.660.8-2.0 mm (Fig. 1) , and non-motile. The strain grew at 12-36 u C and at pH 6-8. The results of API ZYM tests and tests for production of acetoin and hydrolysis of hippurate and aesculin in the API 20 Strep kit for the two strains are shown in the species descriptions.
The cell-wall peptidoglycan of both strains contained LLdiaminopimelic acid (LL-DAP), glycine, alanine and hydroxylglutamic acid. The acyl type of muramic acid was glycolyl. Mycolic acids were not detected. The only menaquinone detected in strain YM16-303 T was MK-9(H 8 ), whereas strain YM16-304 T contained MK-9(H 8 ) (76 %) with MK-9(H 6 ) (17 %) and MK-9(H 4 ) (7 %) as minor menaquinones. The major cellular fatty acids of strain YM16-303 T were iso-C 16 : 0 (17.5 %), iso-C 16 : 1 (10.3 %), C 18 : 1 v7c (9.3 %), C 17 : 1 v8c (7.2 %), C 16 : 0 (6.1 %), iso-C 17 : 0 (6.0 %) and iso-C 15 : 0 (5.5 %), and those for strain T were iso-C 17 : 1 v9c (33.1 %), iso-C 15 : 0 (22.6 %), iso-C 17 : 0 (12.6 %), iso-C 16 : 0 (7.4 %) and iso-C 16 : 1 (6.0 %) (Table S1 , available in IJSEM Online). The G+C content of genomic DNA of strains YM16-303 T and YM16-304
T was 70 and 67 mol%, respectively. Almost-complete 16S rRNA gene sequences were determined and the EzTaxon-e server (Kim et al., 2012) Members of the genera Aciditerrimonas, Acidimicrobium (Clark & Norris, 1996) , Ferrimicrobium and Ferrithrix (Johnson et al., 2009 ) within the order Acidimicrobiales are extremely acidophilic iron-reducers or iron-oxidizers and possess motile spores, and are thus distinguished from the two isolates described in the present report. The genus Iamia contains meso-DAP in the cell wall and differs from the novel isolates with respect to chemotaxonomy, but members of the genus Ilumatobacter are similar to the two isolates. These results are consistent with the results of our phylogenetic analysis. Therefore, strains YM16-303 T and YM16-304
T should be classified in the genus Ilumatobacter. However, the two isolates are distinguished from Ilumatobacter fluminis YM22-133
T by 16S rRNA gene sequence similarities that are lower (95.6 and 95.2 %) than the boundary value of 97 % recommended by Tindall et al. (2010) . Although the 16S rRNA gene sequence similarity between strains YM16-303
T and YM16-304 T is 97.7 %, which is on the borderline for assignment to distinct species, the ANI between them was 78.4 %. This value is clearly lower than 95 %, which corresponds to 70 % DNA-DNA hybridization, the cut-off point value suggested for assignment to distinct species (Goris et al., 2007) . MUMi also indicated that the two strains represent different species, since the value between strains YM16-303
T and YM16-304 T was 0.91. The MUMi distance value is expressed over the range of 0 (nearest) to 1 (furthest) and correlates very well with DNA-DNA hybridization (Deloger et al., 2009) . Furthermore, the two novel isolates and Ilumatobacter fluminis YM22-133 T differed from each other in some points: cell shape, major fatty acids and physiological properties (Table 1) . Therefore, we propose the names Ilumatobacter nonamiense sp. nov. and Ilumatobacter coccineum sp. nov. to accommodate the two strains.
Though strains YM16-303
T and YM16-304 T clustered with Ilumatobacter fluminis YM22-133 T , the 16S rRNA gene sequence similarities are very low. The phylogenetic tree containing sequences deposited in GenBank from uncultured bacteria that show high similarities suggests that many uncultured bacteria related to the novel isolates exist in the environment, especially within the hydrosphere. Strains YM16-303
T and YM16-304 T were isolated from seashore sand, and the only other member of the genus with a validly published name, Ilumatobacter fluminis YM22-133 T , was also isolated from a marine environment using the same method (Matsumoto et al., 2009) . All five uncultured bacteria within the same cluster in the A. Matsumoto and others phylogenetic tree we reconstructed originated in the hydrosphere (Fig. S1 ). The two novel isolates could therefore be classified in a new genus. However, the order Acidimicrobiales, a deeply branching lineage in the class Actinobacteria, contains only six species within six genera, Acidimicrobium, Aciditerrimonas, Ferrimicrobium, Ferrithrix, Iamia and Ilumatobacter. It is quite likely that related strains will be isolated in the near future, after which it would be appropriate to reconsider the classification of these organisms.
Description of Ilumatobacter nonamiense sp. nov.
Ilumatobacter nonamiense (no.na.mi.en9se. N.L. neut. adj. nonamiense of or belonging to Nonami, the place where the type strain was isolated). T and YM-304 T . This tree was reconstructed using the neighbour-joining method. All nodes were also recovered in parsimony and maximumlikelihood trees. Bar, 1 substitution per 100 nucleotide positions. Two novel species of the genus Ilumatobacter
